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RESIDUAL HULL GIRDER STRENGTH OF ASYMMETRICALLY DAMAGED SHIPS
Muhammad Zubair Muis Alie, Juswan, Wahyuddin,
ABSTRACT
A ship’s hull may suffer collision or grounding damages, which may threaten the safety of ships
and the surrounding environment. In order to enhance the structural safety of ships and reduce the
associated risks, International Maritime Organization (IMO) has required in the Goal Based Standard
(GBS) for bulk carriers and tankers an assessment of the residual hull girder bending strength in the
specified damaged conditions.Aship’s hull has normally a symmetric cross section, and the neutral axis
for vertical bending is horizontal and moves only vertically during the progressive collapseunder bending.
However, when the cross section is asymmetrically damaged,the neutral axis rotates about the
longitudinal axis.This induces the larger stress and strain at the damaged side than the undamaged side.
International Association of Ship Classification Societies (IACS) has launched a new draft common
structural rule for bulk carriers and oil tankers, in which the residual hull girderbending strength is
calculated assuming the horizontal neutral axis first, and then the calculated strength is reducedby 10%
considering the effect of the rotation of the neutral axis. This constant reduction rate is, however,not
reasonable asitvaries depending on the location and extent of damages.
The primary objective of the present study is to develop a rational and simplified method to
estimate the residual hull girder strength of asymmetrically damaged ships considering the effect of
rotation of the neutral axis. The Smith’s method, widely accepted for the collapse analysis of an intact
hull girder undervertical bending, is applied and extended. The in-house code, HULLST, is used for the
calculation of the average stress-average strain relationship of stiffened plate necessary for the Smith’s
method. The damage is modeled by simply removing the panel and stiffeners in the specified area. First,
the collapse behavior isformulated as a biaxial bending problem considering the rotation of the neutral
axis. For the assessment of the safety of damaged ships, not only the residual capacity of a damaged cross
section but also the collapse behavior of a whole hull girder need to be predicted, including the scenario
of a heeled condition due to flooding.A simple model to predict the damaged hull girder behavior under
general loading conditions is developed introducingthe Smith’s approach to the conventional beam finite
element. Aclosed-form formulaof the reduction rate of the residual strength due to asymmetrical damage
is presented. The obtained results are verified trough a comparison with the nonlinear Finite Element (FE)
analyses.
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ABSTRAK
Kapal dapat mengalami kerusakan yang disebabkan oleh tubrukan (collision) atau kandas
(grounding), yang mengancam keselamatan kapal dan lingkungan sekitar. Untuk meningkatkan
keselamtan struktur kapal dan mengurangi resiko yang ditimbulkan, International Maritime
Organization (IMO) mempersyaratkan dalam dalam Goal Based Standard (GBS) untuk kapal bulk
carriers dan oil tankers untuk menganalisa kekuatan sisa pasca kerusakan. Normalnya, lambung kapal
memiliki penampang yang simetris, dan netralisasi hanya bergerak searah sumbu vertical dan horizontal
selama progressive collapse yang dibebani momen lentur vertikal. Jika penampang lambung kapal terjadi
kerusakan yang disebabkan oleh tubrukan, maka sumbu netral berputar terhadap sumbu memanjang
kapal. Hal ini mempengaruhi besarnya tegangan dan regangan pada sisi yang rusak dari penampang
lambung kapal disbanding bagian sisi yang masih utuh. International Association of Ship Classification
Societies (IACS) telah meluncurkan aturan struktur dratfter baru untuk kapal bulk carriers dan oil
tankers.
Tujuan dari penelitian ini untuk mengembangkan sebuah metode sederhana untuk mengestimasi
kekuatan sisa dari struktur lambung kapal dengan mempertimbangkan pengaruh dari sumbu netral pasca
kerusakan yang disebabkan oleh tubrukan. Metode Smith digunakan untuk menganalisa progressive
collapse dari sebuah lambung kapal pada kondisi intact dan kondisi pasca kerusakan dalam lentur
memanjang. Analisa Kekuatan sisa pasca kerusakan menggunakan program HULLST. Pertama,
penampang lambung kapal dibagi kedalam elemen yang lebih sederhana dan terdiri dari pelat dan pelat
berpenegar. Collapse behavior dari penampang yang rusak diformulasikan sebagai masalah lentur dua
arah dengan mempertimbangkan rotasi dari sumbu netral. Kedua, metode Smith digunakan pada elemen
balok agar supaya collapse behavior dari penampang lambung kapal dapat diprediksi kekuatan sisa pasca
kerusakan.  Ketiga,  menghitung momen-kelengkungan dengan kondisi pembebanan yang berbeda-beda.
Hasil yang diperoleh dibandingkan dengan solusi numerik.
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